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1
PIPING CONNECTION DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a piping coupling or
connection device, and more particularly, to a piping
connection device suitable for use in a semiconductor
heat-treating apparatus, a CVD (Chemical Vapor De-
position) apparatus or the like.

A semiconductor wafer heat-treating apparatus is
known for carrying out a uniform heat-treatment onto
objects, for example, semiconductor wafers to form a

thin film on the surfaces thereof or to perform a thermal

diffusion. In an oxidation heat-treating apparatus, for
example, of this type, water vapor and HCl gas pro-
duced by the combustion of hydrogen and oxygen
within an external combustion apparatus is supplied into
a reaction tube accommodating the objects by way of a
gas supply piping made of, for example, quartz glass,
and the gas which has completed the treatment on the
objects is discharged from a gas exhaust piping con-
nected to the reaction tube.

As a piping coupling or connection device for gas-
tightly connecting the gas supply piping and gas ex-
haust piping to the heat-treating apparatus, there has
been hitherto used a device of a type establishing a
gas-tight connection by pressing confronting surfaces of
a convex connecting element and a concave connecting
element against each other using a pressing connection
device.

In such type of piping connection device, however, a
presser member may be unevenly abutted against the
rear surface of the convex connecting element, for ex-
ample, of the piping connection device if angularly set
pipings are fastened together with the set angle therebe-
tween left as it stands. Accordingly, the clamping of the
pressing connection device may subject the pipings to a
force which acts to eliminate the angle produced be-
tween the pipings and possibly damages the pipings.
This imposes a restriction to the freedom of the piping
connecting angle in the pipings and necessitates a highly
accurate positioning technique upon the disposition of
the piping connection device.

SUMMARY OF THE INVENTION

It 1s therefore the object of the present invention to
provide a piping connection device in which the pres-
sure on connection surfaces can be uniformly main-
tained without applying to pipings such a force that
may damage the pipings, irrespective of the variation in
the attachment angle of the pipings being connected by
the piping connection device, and a secure gas-tightness
can be established to prevent a leakage of the fluid
passing through the piping connection device.

According to the present invention, there is provided
a piping connection device for connecting first and
second pipes to be coupled together, comprising a con-
vex connecting element. integrally coupled to the first
pipe and defining a sealing surface; a concave connect-
ing element integrally coupled to the second pipe and
defining a sealing surface; presser means in engagement
with engaging surfaces opposite to said sealing surfaces
of the convex and concave connecting elements so as to
press together in confrontation the sealing surfaces of
"the convex and concave connecting elements to thereby
establish a sealing condition; the convex connecting
element being fashioned to form a generally spherical
part extending from the sealing surface to the engaging
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surface opposite to the sealing surface, the sealing sur-
face on the inside of the concave connecting element
being fashioned into a concave spherical surface corre-
sponding to the spherical part.

Since the pressing means are abutted against the
spherical part in the present invention even though the
first and second pipes are fastened together with an
angle between the axes thereof by the presser means, an
uneven abutment will not be caused due to the presence
of the angle, and hence pipes are not subjected to such
force that may damage the pipes, thus ensuring a uni-
form engagement between the sealing surfaces of the
convex and concave connection elements and therefore
a satisfactory sealing condition therebetween.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a vertical sectional view of a vertical heat-
treating apparatus incorporating the present invention;

FIG. 2 is a longitudinal sectional view of a first em-
bodiment of the piping connection device in accordance
with the present invention;

F1G. 3 1s a longitudinal sectional view of a second
embodiment of the piping connection device in accor-
dance with the present invention;

FIG. 4 1s an exploded perspective view of the piping
connection device in accordance with the present in-
vention; and

FIG. 5 1s a longitudinal sectional view showing a case
where the pipes are angularly connected to each other
in the embodiment of FIG. 2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An oxidation-treatment device of a vertical heat-
treating apparatus incorporating the present invention
will now be specifically described with reference to the
accompanying drawings.

Referrning first to FIG. 1, there 1s depicted an external
combustion device generally designated at 1 and includ-
ing a combustion container 2 cylindrically shaped from
a heat-resistant material such as, for example, a quartz
glass. An oxygen supply pipe 3 and a hydrogen supply

pipe 4 for the introduction of oxygen and hydrogen,

respectively, are connected to the combustion container
2 at its bottom center. An electrical resistance heater 3
which is capable of heating the oxygen gas and the
hydrogen gas to a temperature higher than an ignition
temperature 1s provided so as to cover the bottom of the
combustion container 2.

A gas supply pipe 6 intended to supply a production
gas and made of a heat-resistant and corrosion-resistant
material such as, for example, the quartz glass, has one
end connected to the combustion container 2 at its top
center and the other end connected to a vertical heat-
treating apparatus 7 for thermally processing objects.

The vertical heat-treating apparatus 7 includes
therein a vertical, cylindrical fixed reaction tube 8 made
of a heat-resistant material such as, for example, a quartz
glass. The reaction tube 8 has a closed upper end and an
open lower end. A known wafer boat 9 made of a heat-
resistant material such as, for example, a quartz glass 1s
inserted 1nto the interior of the reaction tube 8 through
the open lower end. A multiplicity of objects, for exam-
ple, semiconductor wafers 10 are removably accommo-
dated within the wafer boat 9 at predetermined vertical
pitches. The wafer boat 9 being supported on a base 144
of an elevator 14 is fed into the reaction tube 8 from
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below by the rotation of a feed screw 14b, and down-
wardly delivered after the completion of treatment.

A heating means such as, for example, an electrical
resistance heater 11 is coaxially provided around the
outer periphery of the reaction tube 8. The electrical
resistance heater 11 is supported on the inside of a stain-
less steel tubular outer shell 13 through a heat insulating
material 12 so as to constitute a heating oven. A station-
ary base 13a serves to bear the heating oven thereon.

The temperature of the region accommodating the
objects within the reaction tube 8 can be appropriately
set at a uniform temperature in the range of, for exam-
ple, 300° to 1200° C. by controlling the voltage applied
to the electrical resistance heater 11.

The reaction tube 8 has at its lower part on one side
a gas inlet pipe 15 connected thereto for the supply of a
treatment gas and being hermetically coupled to the gas
supply pipe 6 by means of a spherical joint 20. The
reaction tube 8 further has at the lower part on the other
side an outlet pipe 17 connected thereto for the dis-
charge of the treatment gas and being also hermetically
coupled to a gas exhaust pipe 16 by means of another
spherical joint 20. The gas exhaust pipe 16 i1s communi-
cated with an exhaust equipment not shown, for exam-
ple, a factory exhaust system, thereby allowing the
treatment gas to be drawn off from the reaction tube 8.

A further description will now be given of the spheri-
cal joint 20 in the concrete.

As shown in FIG. 2, the spherical joint 20 comprises
a convex connecting element 21 made of, for example, a
quartz glass and having at least a spherical outer shape,
and a concave connecting element 26 adapted to mate
with, and snugly fit on the convex connecting element
21. |

The convex connecting element 21 includes a spheri-
cal part 22 integrally connected to one end of the gas
supply pipe 6. As a means for hermetically sealing the
spherical joint 20, for example, the spherical part 22 has
on its spherical sealing surface a resilient heat-resistant
member such as an O-ring 23, and an annular groove 24
for receiving the O-ring 23. The spherical part 22 fur-
ther has a spherical engaging surface 22a opposite the
sealing surface, and a through-hole 25 serving as a gas
flow passage and opening into the gas supply pipe 6. On
the contrary, the concave connecting element 26 defin-
ing a concave surface includes a spherically concaved
socket part 27 integrally connected to one end of the gas
inlet pipe 15 and adapted to snugly mate with the spher-
ical part 22 of the convex connecting element 21. The
socket part 27 also has a spherical outer engaging sur-
face.

In order to prevent the O-ring 23 from being heated
to, for example, 200° C. or more due to a high-tempera-
ture gas flowing through the piping, the spherical joint
20 preferably has a diameter that 1s at least three times
larger than the outer diameter of the piping, and the
O-ring 23 1s preferably disposed close to the outer pe-
riphery farthest from the through-hole 23.

FIG. 3 illustrates another example of the spherical
joint 20 in which the groove for receiving the O-ring is
provided in the spherically concaved socket part 27 in
place of the spherical part 22 as in FIG. 2. In this case,
the socket part 27 includes a groove 29 for receiving a
resilient O-ring 28. Preferably, the O-ning 28 1s also
disposed close to the outermost in the radial direction.
The outermost arrangement of the O-ring 28 will pre-
vent it from being affected by the gas flowing through
the interior, and thus by the heat since the farther the
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O-ring from the through-hole 25 the lower the tempera-
ture becomes. The other configurations in FIG. 3 are
substantially the same as those in FIG. 2, and therefore
further description thereof will not be given.

Referring next to FIG. 4, there are depicted substan-
tially square presser plates 30 and 31 made of, for exam-
ple, a metal acting as a means for pressingly fixing the
spherical joint 20. The presser plates 30 and 31 each
include at respective four corners a bolt hole 33 for
receiving a bolt 32, and include at respective centers a
circular hole 34 having a larger diameter than the pip-
ings 6 and 15 and having a cutout portion 35 for allow-
ing the passage of the gas pipe. A manner of pressingly
holding the spherical part 22 and the socket part 24
together by use of biasing force of springs 36 comprises
the steps of: mounting astride the presser plates 30 and
31 onto the gas supply pipe S and the gas inlet pipe 15;
engaging the presser plates 30 and 31 with the spherical
joint 20 so as to clamp it; passing the bolts 32 through
the bolt holes 33 provided in the four corners of the
presser plate 30 by way of the springs 36, and screwing
nuts 36 onto the bolts 32.

A description will now be given of an operation of
the vertical heat-treating apparatus described herein-
above.

The electrical resistance heater S is first energized,
and then the oxygen and hydrogen are introduced into
the combustion container 2 to burn them for the pro-
duction of a water vapor. The water vapor is then sup- -
plied into the reaction tube 8 through the gas supply
pipe 6, the spherical joint 20 and gas inlet pipe 18.

Depending on the process to be carried out, hydro-
chloric acid (HCl) may be supplied as a reaction gas
together with the oxygen and hydrogen in the reaction
tube 8, as shown in FIG. 1.

The reaction tube 8 is preheated to, for example,
1000° C. by means of the electrical resistance heater 11,
and an oxide film is formed over the surface of the
semiconductor wafers 10 resting on the wafer boat 9
being conveyed into the reaction tube 8 with the up-
ward movement of the elevator 14.

A high-temperature exhaust gas after the treatment of
the semiconductor wafers 10 is discharged through the
outlet pipe 17, the spherical joint 20, and the gas exhaust
pipe 16 by means of the exhaust equipment not shown.

An unevenness in the dimensions of the pipings or an
insufficient assembling accuracy may possibly result in
an angle between the axes of the spherical part 22 and
the socket part 27 constituting in cooperation the spher-
ical joint 20. It is, however, extremely difficult to
achieve the elimination of the angle in terms of the
design or assembly, and accordingly the connection is
often made leaving the angle as it stands.

FIG. 5 illustrates a state where the gas supply pipe 6
is angled to the spherical joint 20. The presser plates 30
and 31 are not caused to come into uneven abutment
against the spherical joint 20 due to the spherical sur-
face of the spherical part 22 irrespective of the angled
connection of the pipings. Thus, the gas supply pipe 6
will not be subjected to an excessive force acting to
align the gas supply pipe 6 with the gas inlet pipe 15
even after the clamping of the presser plates 30 and 31.
It is to be appreciated that the FIG. 3 embodiment is
preferable to the FIG. 2 embodiment since the radial
position of the O-ring 28 will not change in FIG. 3
embodiment even when the pipes are angled to each
other as shown in FIG. 5.
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A certain displacement or deformation of the spheri-

cal joint which may arise from a thermal expansion or

cleaning can be absorbed by virtue of the O-ring 23,
whereby a hermetical sealing is ensured.

It 1s to be noted that the present invention is not
limited to the above embodiments, but is applicable to
any apparatus using a high-temperature treatment gas.

Although the above description has been given of the
case using a high-temperature gas as a fluid, the present
invention may employ a liquid or a granular substance
as the fluid. The screwing mechanism used as the press-
ing mechanism for the joint in the above embodiments
may be replaced with other clamping means.

According to the present invention, as described
hereinbefore, the following superior function and effect
can be exhibited.

The presser plates are not caused to come into uneven
abutment against the spherical joint even though the
pipings angularly connected to the spherical joint are
fastened or clamped together as they are, since the
contact surface of the spherical joint is spherically
formed. In other words, the clamping does not cause a
force acting to align the angled pipings, thus preventing
a damage of the pipings. This eliminates the need for a
precise angular adjustment and laying in the piping
connections. The piping connection device of the pres-
ent invention can be well adapted to the variation in the
connection angle due to a thermal expansion.

What 1s claimed is:

1. A piping connection arrangement for coupling a
first quartz glass pipe and a second quartz glass pipe
together to form a substantially hemispherical seal, said
arrangement comprising:

a convex quartz glass connecting element adaptable
for integrally coupling with the first pipe, said
convex connecting element having a spherical con-
vex sealing surface remote from a first coupling
location where said convex element and the first
pipe would integrally couple, said convex connect-
ing element having a substantially spherical first
outer engaging surface located between said con-
vex sealing surface and said first coupling location;

a concave quartz glass connecting element adapted
for integral coupling with the second pipe, said
concave element having a spherical concave seal-
ing surface which is slidable when in sealing
contact with said convex sealing surface to form
saild hemispherical seal, said concave connecting
element having a substantially spherical second
outer engaging surface near a second coupling
location where said concave element would inte-
grally couple to the second pipe;

a resilient sealing ring disposed between said convex
and concave sealing surfaces near an outermost
portion of said hemispherical seal and;

presser means for urging said convex and said con-
cave sealing surfaces against each other to establish
said sealing contact between said sealing surfaces,
said presser means comprising a first presser mem-
ber locatable about the first pipe to engage said first
outer engaging surface, a second presser member
locatable about the second pipe to engage said
second outer engaging surface, fastening means for
fastening said presser members together, and resil-
ient means interposed between at least one of said
presser members and a portion of said fastening
means, said fastening means and said resilient
means urging said first and second presser members

10

15

20

25

30

35

45

30

53

65

6

toward each other so as to urge said convex and
concave sealing surfaces against each other.

2. A piping connection arrangement according to
claim 1, wherein said sealing ring is disposed within an
annular groove in said convex sealing surface.

3. A piping connection arrangement according to
claim 1, wherein said sealing ring is disposed within an
annular groove in said concave sealing surface.

4. A piping connection arrangement according to
claim 1, wherein said presser members are plates which
each have an opening which receives an associated one
of the pipes, said plates each having portions about said
opening for engaging said outer engaging surfaces of
said connecting elements.

5. A piping connection arrangement according to
claim 4, wherein said opening and said portions about
said openings are at least partially annular.

6. A pipe connection arrangement according to claim
1, wherein said fastening means comprises a bolt and a
corresponding nut.

7. A heat-treating apparatus according to claim 6,
wherein: |

said first piping is connected to an external combus-
tion means, said combustion means including a
combustion container, an oxygen supply pipe for
the supply of oxygen gas into said combustion
container, and a hydrogen supply pipe for the in-
troduction of hydrogen gas into said combustion
container.

8. An apparatus for heat-treating a plurality of ob-

jects, said apparatus comprising:

means defining a reaction tube;

means for externally heating said reaction tube;

means for conveying objects into said reaction tube;

quartz glass pipe means for feeding and exhausting
treatment fluid to and from said reaction tube, said
pipe means comprising at least a first pipe portion
and a second pipe portion; and

pipe connection means provided between said first
pipe portion and second pipe portion to form a
substantially hemispherical seal therebetween;

sald pipe connection means including:

a convex quartz glass connecting element integrally
coupled with an end portion of one of said pipe
portions, said convex connecting element having a
spherical, convex sealing surface remote from a
first location where said convex element and said
one pipe portion are integrally coupled, said con-
vex connecting element having a substantially
spherical outer engaging surface located between
said convex sealing surface and said first location;

a concave quartz glass connecting element integrally
coupled to an end portion of the other of said pipe
portions, said concave connecting element having
a spherical concave sealing surface which is slid-
able when 1n sealing contact with said convex seal-
ing surface to form said hemispherical seal, said
concave connecting element having a substantially
spherical outer engaging surface near a second
location where said concave element is integrally
coupled with said other pipe portion;

a resilient sealing ring disposed between said convex
and concave sealing surfaces near an outermost
portion of said hemispherical seal and;

presser means for urging said convex and said con-
cave sealing surfaces against each other to establish
said sealing contact between said sealing surfaces,
said presser means comprising a first presser mem-



5,362,229

7

ber locatable about said one pipe portion to engage
said first outer engaging surface, a second presser
member locatable about said other pipe portion to
engage said second outer engaging surface, fasten-
ing means for fastening said presser members to- 5
gether, and resilient means interposed between at
least one of said presser members and a portion of
said fastening means, said fastening means and said
resilient means urging said first and second presser
members toward each other so as to urge said con- 10
vex and concave sealing surfaces against each
other.
9. A heat-treating apparatus according to claim 8,
wherein said sealing ring is disposed in a groove in said
convex sealing surface. 15
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10. A heat-treating apparatus according to claim 8,
wherein said sealing ring is disposed in a groove said
convex sealing surface.

11. A heat-treating apparatus according to claim 8,
wherein said presser members are plates which each
have an opening receiving one of said pipe portions,
said plates each having portions about said opening for
engaging said outer engaging surfaces of said connec-
tion elements.

12. A pipe connection arrangement according to
claim 11, wherein said opening and said portions about
said openings are at least partially annular.

13. A heat-treating apparatus according to claim 8,

wherein said fastening means comprises a bolt and nut.
* ¥ X X X
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